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Development of 25 Ah and 50Ah Lithium / Polycarbon Monofluoride Envelope Cells 



C. O. Giwa A. G. Ritchie *, E. I. Eweka \ P. Bowles * 

and A Gilmour 0 
* QinetiQ, Haslar, Gosport, Hants POl2 2AG, England 
° Lexcel Technology Ltd, Henley - on - Thames RG9 1LU, England 

1. ABSTRACT 

QinetiQ, formerly part of the British Government's Ministry of Defence Evaluation and 
Research Agency (DERA), has developed hthium / polycarbon monofluoride primary cells in 
the envelope format. These cells have shown high energy density, approaching 700 Wh/kg 
Further development has been carried out to study new electrolytes for low temperature 
performance. 

Additionally, there is a requirement for 50 Ah lithium / polycarbon monofluoride (Li/CF X ) 
primary envelope cells to provide a new operational option for military equipment This 
programme aims to ultimately develop a high voltage multi-string Li/CF X battery based on 50 
Ah modules. In previous work we presented results from 1.12 to 18Ah envelope cells 
Recently we have scaled up to 25 Ah, 36Ah and 50 Ah cells. During the discharge of 36 Ah 
cells, an average capacity of 32Ah was realised at 0.05mA/cm 2 to an end point of 2 0 volts 
This result is equivalent to an energy density of 480 Wh/kg and corresponds to 88.9% cell 
efficiency. The development and performance of multi-string 25 Ah cells for military 
applications will be discussed. 



2. INTRODUCTION 

Previous work [1,2] has shown that the lithium / polycarbon monofluoride (Li/CF X ) system 
gives very high energy densities (650 Wk/kg) when lightweight plastic packaging is used 
Further development is reported on testing of electrolytes in the cells over a wide range of 
temperatures and current densities. A new electrolyte salt, lithium bis - oxalate borate, 
LiB(C 2 0 4 )2, for lithium batteries has recently been announced [3,4] and this has been tested in 
these pnmary batteries as it is potentially cheaper and safer than the existing fluorinated 
electrolyte salts. We have carried out further development of the scale - up and of the design, 
with particular emphasis on safety. In order to improve safety in large cells, a safety separator 
Celgard 2430 was used. For assembly of cells into a battery pack, electronic controls will be 
used as current limiters to avoid over currents, e. g. short circuits, or over - discharge of cells- 
In this work, we have considered the use of a 25 Ah or a 50 Ah cell module as the building 
block for a 15 volt 300 Ah battery. For the initial battery pack, 25 Ah envelope cells were used, 
because a large quantity of this size was available. 
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3. CELL FABRICATION AND DISCHARGE REGIME 

Laboratory and envelope cells have been described previously [2]. Lithium metal foil backed 
on to copper mesh was obtained from Chemetall and me ^^^^^0^2 
obtained from Lodestar. The electrolytes used were lithium tetr^uoroborSe k ^mnviZ 
carbonate (PC) / di-methoxy ethane (DME) and LiB(C 2 0 4 ) 2 alsofan M ^ a pr ° PyIen * 
the positive electrodes were <208o\nm x 90 ^ ). Tte colon TconSnS 85 r 

polyethylene - polypropylene that acts as a shut - down separator should the cdlTveS m" 
addition^ the lithium foil was pressed on to a copper mSi so tnaTelec^^r^ c^'£ 
made throughout the anode, even if the litluum foil becomeTfragmented ^ fce cTfl t 
^charged. The contact resistance of the anode terminal of colls was^dby me use^of a 
solvent technique to remove unwanted hthium metal from the anode AsTvZk ITco^t 

™? Z SdTt ^ CeUS W6rc * Elding tee^ of ^dT 

developed for tS ^ f ° lding prOCedure - ™ e mach£ 
^ developed for the folding technology is shown in figure la and the cells in figurel b 

Nominal capacity tests were carried out at the followine rates in 4n ™a i no u 

Tnese rates were applied because medium and Iwr^^Tmt^^tr T I™ I *~ 

were carried out at lower temperatures (0, -10, -20 a^a^S>C) ^ 





JIG la FOLDING MACHINE 



FIG lb 25, 30 and 50Ah ENVELOPE CELLS 



4. DISCUSSION OF RESULTS 



DISCHARGE OF 25 AND 30 Ah CELLS 
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Figure 2. Discharge of 25 Ah cell 
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Figure 3„ Discharge of 30 Ah cell. 



DISCHARGE OF 36 AND 50 Ah CELLS 

^ ve n ° W l een ^ e f U P to 36 50Ak Hie discharge of a 36Ah cell is shown in 

SffVT? °L 32 ^ r ? t3ined 34 a CUrrent of 0.05nWcm 2 to a cTeS 

cut-off at 2.0 volts. Tins result indicates that the energy density obtained was 480Wh/k a 
whichcorresponds to 88.9% cell efficiency. Figure 5 shows the discharge ^07^^50^ 

2h£ ITt 5™? f ° r 50Ah 0611 was 510Wh/k S «* results ^ to be 

a^, ^,.^,^ f ? SmaIler Size CeUs - Furth ^ore, cell utilisation ofl^or the 
largest size cell * also higher than previously reported. These cells are suitable for applicationl 
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that require low to medium current loads such as electronics communications equipment and 
cells can also sustain a few amps for limited period of time. A summary of the discharge 
results obtained for various size of envelope cells is shown in table 1. 

Discharge of 36Ahr (nominal) Li/CF X packet cell at 25°C, 
0.05mA/cm 2 using 1M LiBF 4 PC:DME 1:1 w/w electrolyte 
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Figure 4. Discharge of 36 Ah cell 




Figure 5. Discharge of 50 Ah celL 



PERFORMANCE OF A SERIAL SIX-STRING 15 VOLTS BATTERY 

Figure 6 fllustrat^ the result for the discharge of a 6 x 25Ah series string for a Li/CF X battery 
pack AH cells m the string were discharged at C/100 rate to a 1 volt cut-off The utilisation of 

I I J (740 WI). The discharge profiles for the single cells in the series string are shown 
mthe inset (figure 6) and all six cells were at least 90% utilised to a cut-off voltage of 1 volt 
This result indicates that a battery pack based on lithium / polycarbon monofluoride could 
power electronic devices; furthermore the current capability can be increased by the 
mn-oduction of parallel strings. We intend to test series - parallel string combination during the 
next phase of this programme. 6 
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6- cell series string battery test 
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Figure 6. Discharge of series string of 6 x 25 Ah cells. 



LITHIUM BIS - OXALATO BORATE ELECTROLYTE SALT 

One area of interest is safer and cheaper electrolyte salts toxeplace fluorinated salts. Lithium 

SVl T^JS^ I 2? <C2 P 4 ^ ^ ^ pr °P° sed 83 new salt ** Mthium - ion battel 
[3,4]. It has beep tested here for hthium primary batteries. Discharges over a range of currents 

at room temperature are shown below in figure 7. 
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Figure 7. Discharges using lithium bis - oxalato borate electrolyte. 

This figure shows good discharges at the 20 and 40 hour rates. Cells using this electrolyte 
have been tested over a range of temperatures (see figure 8). Reasonable discharges were 
found at 0 and 20°C but poor result at -10°G. The cause for the poor performance at low 
temperatures can be seen from the early stages of the discharge. This shows that the voltage 
drops on applying load, L e. the internal resistance increased rapidly as the temperatures were 
reduced. Hence this new electrolyte is satisfactory at moderate rates (20 hour or slower) and 
at moderate temperatures (0°C and above). 

Effect of temperature on Initial discharge for lithium-carbon 
monofluoride cells using PC/DM EJUB(C 2 OJ 2 electrolyte 
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Figure 8. Discharges of cells at -20 to +40°C. 
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SAFETY CONSIDERATIONS 



5£2£rfS* a / T lyCaTb0n monofluo ri<te envelope cells, it is essential to ensure 

toe safety of die product. A safety separator (Celgard 2430) has been selected and a new &Z 
of lithium fod has been used m which the lithium is pressed into a copper mesh to Severn 
fjfT ° ftbe Uthium * * necessar y to dete ™ Perforn^ce of th^TmSeS^ 

te T TatUre f d ? 40 hOUr rate Was t0 com Pare stanch stety 

matenak It can be seen that the discharges are very similar for the standard lithium foil and 
&e existing separator (Celgard 3501) and for lithium foil backed on copper mesh an d wuh 
safety separator (Cefeard 2430). There is therefore no performance linSation to uTmg^ne 

otlbT^T & ST ?) K H ° WeVer ' Mei St ° rage tests «* safe * *** are to be clried 
out when sufficient cells have been produced. 

EFFECT OF STORAGE ON CELLS PERFORMANCE 

A preliminary study of 25 Ah cells over a short period was done to obtain an indication that 
r^m temperature storage might be possible without serious degradation in perforn^ance Ce£ 

Z c2E? °Z ^ at ; oom . tem P era ^e and then discharged Result obtained showed 
that cell did not degraded under this condition 



5. FURTHER WORK 



^ develop other large size batteries, e.g. the fithium 

rf^L?^ f P tential b6nefitS " described ™ table 2 (below). Further 

electrolyte development could improve electrolyte performance. 

6. CONCLUSIONS 

Assembly - of fthium / polycarbon monofluoride envelope cells has been progressed up to 50Ah 

hLni Z T *F PerfonnanCe - 7116 ^ Mastic packaging reLes the we^glu of 

battenes relative to those using metal cans. weigni oi 

^^ b « t'T? -0 b °? e h3S b6en tSSted 35 a P° ssible electrolyte salt for lithium primary 
battenes. Satisfactory performance was found at moderate rates (20 hour and slower) S 
, moderate temperatures (0°.C and above). T ; a at 

New materials Ktbium backed on to copper foil and tri-layer separator, have been selected for 
large size envelope cells to improve safety. selected tor 

We have successfully tested a 15 volt; 6-series string battery and cell utilisation was very 
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TABLE 1. SUMMARY OF CELL PERFORMANCE 



Nominal Capacity 
(Ah) 
25 

30 ~ 

36 

50 


Achieved Capacity 
(Ah) 
24.3 
29.4 
32.0 
48.0 


Specific Energy 
(Wh/kg) 
500 
500 
480 
510 


Energy Density 
(Wh/1) 
744 
740 
720 
740 



TABLE 2. POSSIBLE BA5590 LITHIUM / POLYCARBON MONOFLUORTOE 
BATTERY 



Comparison of typical military 

batteries 



f 


BA5590/U 




Primary 
Clansman 




■ 




Chemistry 


Li/SQ 


Li/CF X 

(design projection) 


Li/SQ 


Li/CF; 


Nominal voltage 


14/ 28V 


12.5/ 25V 


28V 


25V 


Nominal capacity 


7.5/15Ah 


20/40Ah 


16 Ah 


34.4Ah 


Weight 
Volume 
Specific energy 


1.02kg 1.17kg 
0.88I 0.88I 
206Wh/kg 427Wh/kg 


2.19kg 2.16kg 
1.751 1.751 
205Wh/kg 398Wh/kg 


X^Bnergy density 


239Wh/l 


565Wh/l 


256Wh/l 


491Wh/^y 



o|=sT AVAILABLE COPY 



4:15 - 4:45 




4:45 ^5:15 



Bafteri^ i 1h»S! . c P p S 1 ! Use ° f Nanostru ctured Metal Oxides in Rechargeable Li 
Batteries - J. Adams, I. Exnar & M. Graetzel, Xoliox S.A, Switzerland 
Lithium Metal Phosphates - Next Generation Materials 
( bCic =. Y ^ Saidi ' i ,uan 9- J - Swover & J- Barker, Valence Technology 

..15 - 5:45 E'ec*ron.caHy Conductive Phospho-olivines as Lithium Storage Electrodes - Y-M Chiang S-Y 
SI 9 ' . ^ B °, k,n9 ^ A - Andersson . M'T and A. Gozdz, A123 Systems and P Limthonqkul 
c *c « , c ^ na - Metal and Materials Technology Center, Thailand "-.mtnongkul, 

" £S : 7lu0 E^B^ IOn B3tterieS " R - ™ ~ ' nSt ^ch. 

Wednesday, March 19 
Small Fuel Cells 

9-00 ' 9-30^ Sl a r™ f^p 8 ^JS'S^'V 1 A Batter3? Manufa <*^s View - It Kelty, Panasonic 
;2 " J i wf r» Cell/Battery Hybrids - F. Gibbard, Gibbard R&D Corp. 

iSS IIS"' Break ^ 9h ^ ^ Ce " f ° r Portab,e E,ectron ^ " J- Morse, LLNL 

"?? : ?f^ S m f l,Fue,Ce,lsforPo ^ b,ePo ^ rA PP«^ons-S.Gottesfeld MTI 
J?« JJk, S ydr °! e A n / Uel Ce " Systems for Consumer Electronics- A. Briggs Millennium Cell 

HEV/42V Batteries 

2:00 - 2:30 , Development of Li Ion Battery for EV and E-Bicvcle - R Wana RYn 

4 : 00 - 4 : 15^ Bre?k Deve '° pments for HEV Batteries - J. Carcone, Sanyo 

- 15 " 4:45 ' ^^i^T^ HE . Ap P ,ications: Performance, Limitations and Recommendations 

a. ak c ^ ?^ Improvement - J. McBreen, Brookhaven National Laboratory 

4.45 - 5: 15 Advanced MLJ Ion Batteries for Automotive Applications - F.J. Kruger & M. Schweizer-Berberich 
GAIA, Germany and A. Manning & R. Turi, Lithium Technology Corp 

and S v S^tfmfT M m na ? e T, nt Techno, °9y for Enhanced Reliability & Performance in 42V 
and HEV Systems - L. Hruska, Microchip Technology 

p h, 5h^mhI. Li v a J t f SS: S 6Ct w de and Electro, y te Materials, Production and Testing Methods 

600 7 00 p™S,t^ 

b. OO - 7.00 EXHIBIT AREA OPEN / COCKTAILS 

Thursday, March 20 

Battery Safety and Performance 

7:45 - 8:15 Coffee and Pastry 

8:15-8:45 Enhancements to the Cycle Life of Consumer RAM Batteries 

o „= o , c J- DanieHvad, K. Kordesch, E. Daniel-lvad & L. Duong, BTI 

8.45 - 9:15 Thermal Modeling and Management of Li-ion Battery Products 
H. Maleki and J. Howard, Motorola 

VA \nti ^ edictin 9 H J" 1 Batter y Safety Quickly and Accurately - C. Lampe-Onnerud TIAX 
10 W ~-loio B^r* ' n ^ Batt6ry Pr ° dUCtS ' J - Ke " y & G - Strak ^ B ° U ™ 
10:30 -11:00 ~ il-JPg^PITO Devices in Pack Designs for Tomorrov/s Portable Electronics 

1 -tt-Su^lKSJ^^ Uthium Batteries " U " Wietelmann, Chemetal. GmbH, 

» -X^gggBanco i e sts Tor 1 UA H-Land Wamor-PmtAtuno lli™ n^iwr*^- o«« — r 



5:15 - 5:45 
5:45 - 6:15 



12:00 -12:30 



G7 ^ UM=r ChsfoTXT3e7Knn^^ J 

m A e o? f K 25 t h I nd 50 Ah Lith ium/Polycarbon Monofluoride Envelope Cells 
Technology ' P ' B ° W ' eS & A Gi ' m ° Ur ' QinetiQ and A " Gilmour - Lexe " 



\ 




5 -i 



a: 
< 
z 



UJ 
-J 

< 

z 

g 

P 
< 
z 



< 

CD 

>- 

a: 
< 

Q 

z 

o 

o 
111 

(0 

>- 



K< 
Z S 



X 

K 

o 

N 

LU 
I 
H 



XL 

Z- 

o 



CO 

o 
o 

N 

O 

CM 



I 

O 
< 



-L. 

e 
O 



c- 

> 
c 
o 
O 



fee 

3 C 

O O 
O LL 

"O . ©" 

O 
u 

CD 



■s 

o 

« 
-I 

t 

o 

S 



CO 

2. 

3- 
(0 
_J 

t; 
o 




8 EST AVAILABLE COPY 



O 

z 




/ 



SEMINAR PROGRAM 



Monday, March 17, 2003 

8:30 -10:15 Pre-Seminar Tutorial I - New Advances in Materials for Li Ion Batteries and Competition from 
Microfuel Cells - J. Dahn, Dalhousie University 
10:30 -12:15 Pre-Seminar Tutorial II - Worldwide Market Update on NiMH, Li Ion and Polymer Batteries for - 
Portable Applications and HEVS - H. Takeshita, UT, Japan 

OEM Perspectives / Battery Developments 

Moderators - N. Allen, Power Strategies and H. Taylor, Consultant 

- 1 :30 A Twenty Year Perspective of Portable Energy Systems and Future Prospects 
K. Brandt, lonity 

- 2:00 A Global Perspective of Alternative Energy Vehicle Technology 
R. Stempel, Chairman, Energy Conversion Devices, Inc. 

-* 2:30 HEV and 42V PowerNet: Drivers and Trends - N. Allen, Power Strategies 

- 3:00 Cell Phone User Profiles and Direction for New Devices - S. Engstrom, Motorola 

- 3:30 Trends in Mobile Computing & Proposed Standards - J. Layton, Dell 

- 3:45 Break 

- 4:15 Mobile PC Extended Battery Life Working Group: An Overview - K. Shah, Intel 

- 4:45 Trends in Notebook Computing, Enhanced Mobility and Resultant Energy Implications 
T. Hildner, IBM 

- 5:15 Industry and Consumer Perception and Reality - S. Bard, Symbol Technologies 

- 5:45 Advanced Primary Batteries for New and Emerging Devices - M. Roberts, Duracell 

- 6:15 New Product Concepts from Energizer- J. Grady, Energizer 

- 6:30 Introduction to Chinese Battery Delegation: A Technical and Business Perspective of the 
Chinese Battery Industry 

- 8:00 COCKTAIL RECEPTION - OPENING OF EXHIBIT AREA 

Tuesday, March 18 ( 
Li Ion Batteries 

.8:15 - 8:45 New Progress on R&D and Production of Li Ion Batteries in China 

J. Wang , Tianjin Institute of Power Sources 
8:45 - 9:15 SKC Li Ion Polymer Batteries - Z. Zhang, C. Park, C. Chai, SKC America 
"9:15 - 9:45 R & D of Li Ion Prismatic Cells 

G. Li, Y. Pan & D. Wang, Shanghai Institute of Space Power Sources 

9:45 -10:15 Philips Curved-Lithylene Battery for Greater Design Freedom of Portable Products 

H. Feil, Philips 

'10:15 -10:30 Break Sponsored by ABT (Advanced Battery Technology) 

1 0:30 -1 1 :00 Large Format Li Ion Batteries Using Novel Electrode Materials - B. Ammundsen, Pacific Lithium 

Battery Materials - Moderator - Y. Nishi, President, Sony Materials Co. 
'1 1 :00 -1 1 :30 Synthesis and Electrochemical Performance of Li Mn O Systems - J.S. Xue, B&K Technology 

Co. Ltd., China and X. Li, M. Xu & X Wu, Central South University, China 
'1 1:30 -12:00 Advances in Carbonaceous materials for Primary and Secondary Batteries 

I. Barsukov, Superior Graphite 

r 12:00 -12:30 The Role of Morphology on Battery Active Electrode Material Performance 

L. Dominey, LA. Dominey Assoc. 
f 12:30 - 2:00 Lunch served in the EXHIBIT area 

f2:00 - 2:30 Limitations of Electrode Materials for Li Batteries: Where to From Here - M. Thackeray, ANL 
f 2:30 - 3:00 Alloy Anodes for Li Ion Batteries - J. Dahn, Dalhousie Univ. 

f 3:00 - 3:30 Plasma Sprayed Electrodes for Thermal and Rechargeable Li Batteries and Intermediate 

Temperature SOFCs - D. Reisner, J. Dai, R. Hui, J. Roth & J. Broadhead, US Nanocorp and 
F. Reinhardt & R. Guidotti; Sandia National Laboratories / 

r 3:30 - 4:00 Nano Materials with Respect to the Field of Energy Storage: Science vs Applications \ 

J-M Tarascon, S. Grugeon, S. Laaaielle, D. Larcher, G. Amatucci & L. Dupont, Univ. de Picardie 
Jules Verne, France 

4^:00 - 4:15 Break 



